Given the growing use of mobile devices, there is now increasing interest in the potential for supporting the mobile learner. However, there remains much research to be undertaken, to Wnd eVective ways of facilitating learning with mobile devices. This paper considers how to support the mobile language learner using a handheld computer. It introduces TenseITS, a language learning environment that adapts the interaction to the individual learner's understanding, as represented in a learner model constructed during the interaction. It also adapts according to contextual features of the learner's location that may aVect their ability to study -the likelihood that they will be interrupted by others; their general ability to concentrate at that location; and the amount of time they have available for study. 
Introduction
Intelligent tutoring systems (ITS) build a model of the individual learner's knowledge, diYculties and misconceptions, as they interact with the system. This learner model can be compared with a model of the target domain to enable suitable tutorial strategies to be inferred by the system, as appropriate for the learner according to the contents of their learner model -i.e., the educational interaction is tailored to the speciWc learning needs of the individual student.
Most ITSs are designed for use on standard desktop computers or laptops, and it is assumed that the user will be using the environment in a single location, or a similar set of locations. It also tends to be assumed that the user will have time to devote to the learning tasks, and that they will be able to concentrate on their learning.
With increasing use of handheld computers, educational environments have been developed for use on these devices. However, relatively few systems have attempted to model the user's understanding. Examples include Ketamo's (2002) Adaptive Geometry Game, which adapts polygon recognition questions according to a child's accuracy and speed of response to multiple choice questions; Bull and McEvoy's (2003) C-POLMILE, which adapts the interaction according to university students' performance in multiple choice questions in the C programming domain; and Malliou et al. (2002) proposed user proWle to enable the creation of personalised courses through the combination of modules into a personalised virtual document. Such approaches are similar to the standard systems available for use on desktop PCs.
Other environments take the user's location or some aspect of the general context into account, to enable presentation of information or provision of an interaction that is relevant to the learner's situation. Dey and Abowd (1999) deWne contextawareness as 'the use of context to provide task-relevant information and/or services to a user, wherever they may be'. An educational example is Zancanaro et al.'s (2003) museum guide. This uses infrared sensors to detect the user's location, and presents multimedia information related to the fresco painting in front of which the user is standing. Such approaches aim to oVer information or interactions that are relevant to the interests of the user, as inferred from the fact that they have chosen to view certain objects. However, beyond adapting to the user's interests, this kind of approach does not usually adapt to other attributes of the individual (such as their existing knowledge about the painting, the artist or the period). Jameson (2001) argues for a need to combine research in the areas of user modelling and context-awareness. An example of such an approach is the LISTEN system (Zimmerman et al., 2003) , which oVers audio presentations to a visitor to an art exhibition, according to their location and also their proWle. A language learning example is Ogata and Yano's (2004) system, which models the learner's comprehension of Japanese polite expressions, and personal attributes (e.g., age). Depending on the room the learner is in (e.g., meeting room, oYce), the system will prompt with expressions using the right level of formality for the location and participants (who will also have entered their personal information to their proWles).
The above examples relate to situations where the task and location are connected. However, there are also uses for location-aware, individually adaptive learn-ing environments where the task is not related to the location of the user. It would be useful to have a mobile learning environment that not only adapts to the individual's speciWc learning needs according to their current knowledge state (as is standard in ITSs used on desktop PCs), but also with reference to their location -speciWcally features of that location that may inXuence their learning requirements, such as how likely they are to be interrupted or distracted by others in that location, and how able they are to focus or concentrate on the task more generally. As also argued by Becking et al. (2004) , in addition to concentration and related issues, also relevant to such a mobile ITS is the time learners will have available to devote to the task, as sometimes they may have only a very short period of time, whereas other times they may have more time. This paper presents such a system: TenseITS, a mobile intelligent tutoring system for the use of tense in English, designed primarily for Chinese learners of English.
In addition to individual diVerences, Chinese learners of English tend to have typical problems with English, which include the correct use of tense as time is expressed diVerently in Chinese (Chang, 1987; Dalgish, 1984) . ITSs that take account of language transfer -the inXuence of other languages on a learner's acquisition of the target language (see Odlin, 1989 ) -have been developed for a long time (e.g., Bull, 1995; Catt and Hirst, 1990; Schuster, 1986; Schwind, 1990; Wang and Garigliano, 1995; Weischedel et al., 1978) . As described above, work is now being undertaken on adaptively supporting the mobile foreign language learner (Ogata and Yano, 2004) . Mobile approaches for handheld computers that do not adapt to context or users are also being developed, for example: vocabulary for a variety of languages (ECTACO, not dated); video-based learning objects for American Sign Language (Lehman and Conceicao, 2003) .
TenseITS allows the mobile language learner to make use of individualised learning opportunities that would otherwise not be available to them. It aims to Wt around their daily routine, without disrupting other activities. This would be particularly useful, for example, for the busy user wishing to improve their English before a business or other trip abroad; or upon arrival, perhaps by a tourist or a student beginning a new course. TenseITS allows the learner to learn while on the bus, while waiting for friends at a restaurant, while waiting for an appointment, for the brief period of time between lectures, etc. This accords with Sharples (2000) view that learners should be enabled to learn at times and locations of their choice. A logbook study (Bull, 2003) found that our initial target users (see below), will indeed use handheld computers in a variety of locations, ranging from home and the university, to restaurants and pubs, to public transport, and even in bed.
TenseITS is, at this stage, a relatively simple intelligent tutoring system, developed suYciently to demonstrate the potential of this approach to supporting the mobile learner using a handheld computer. We focus initially on Chinese MSc students, as our target learners often perceive a need to continue their study of English throughout their degree (unpublished survey data). As is often the case with intelligent tutoring systems, currently the domain is quite restricted. Ultimately we wish to extend the domain beyond tenses, and to also consider learners with other language backgrounds, and implementations for other languages.
Requirements of a context-aware, learner modelling system for the mobile learner
As stated above, conventional ITSs are usually designed for use on desktop PCs. A method of supporting today's increasingly mobile learner is required. Combining ITS and mobile learning technology oVers a solution. Advantages of a mobile intelligent tutoring system are that it is:
1. individualised according to the learner's knowledge, as in a standard ITS: i.e., the system will adapt to the learner's abilities, knowledge, diYculties and misconceptions; 2. individualised according to the learner's location and needs in that location: unlike many location-aware environments that adapt the interaction according to features of the location, a mobile ITS must take into account features of the location that may aVect the individual user's learning; 3. portable: most obviously, a mobile ITS must be usable in a variety of locations, as required by the user -hence the use of a handheld computer.
The following scenario illustrates our system with reference to the above points: Tracy is a Chinese student in the department of Electronic, Electrical and Computer Engineering at the University of Birmingham, UK. Her degree requires an ability to write good academic English, for example, in her Wnal project report. Tracy takes every opportunity to improve her English grammar, as this is the area in which she needs most practice.
Tracy has just come out of a lecture. She is now waiting for a friend in the common room, located in the department building. Her friend's lecture was on the other side of campus. Therefore, Tracy has about 20 min to spare before her friend will arrive. She wants to use this time productively, but the time is a little short to go to the computer laboratory to log onto her account. She therefore takes out her iPAQ and runs TenseITS. On the context screen, she selects the option indicating that she is in the common room (one of the locations she added to the system herself). Her usual values for concentration level and frequency of interruption, for that location, are shown: medium and high, respectively. However, today there are not very many people about, so she alters the frequency of interruption to low. She selects that she has between 15 min and half an hour for her interaction. The system already knows her strengths and weaknesses, based on her previous interactions. She has completed previous exercises successfully, so the system recommends a new topic to look at, followed by a short series of questions. She spends 15 min on the tutorial, and then begins to answer the questions. At that point her friend arrives and she ends her interaction, in the knowledge that her learner model will be updated, and the next time she starts TenseITS she will be able to resume the exercise or receive a new recommendation, appropriate for her location and available time, on that occasion.
The requirements for the system to operate as described above, are as follows:
• multiple context inputs: location information and amount of available time;
• individual learner model;
• adaptive and individualised learning materials;
• appropriate interactions for varying periods of time;
where:
1. location information includes the user's current location, concentration level and frequency of interruption at that location; 2. the system can infer either default values of concentration level and frequency of interruption according to the speciWc location, or typical properties that the user has identiWed in that location; 3. the learner model contains the user's current knowledge level, diYculties and misconceptions; 4. the learner model is constructed according to the user's interactions with the learning materials; 5. inferences of location information, the amount of available time and the learner model contents, can generate appropriate learning interactions for the individual.
The following section describes TenseITS in greater detail.
TenseITS: adapting to learner knowledge, location and contextual features
As stated above, the domain of TenseITS is the use of tense in English; the material and exercises designed in particular for Chinese learners of English. The key learner model attributes are: knowledge, diYculties, misconceptions; augmented by contextual information about location, interruption/distraction, concentration, available time.
TenseITS infers a user's understanding of the domain based on their responses to multiple choice questions, representing this understanding in the learner model. This is as occurs in many standard ITSs. Multiple choice questions are used because of the ease with which the input can be made in comparison with other methods, when using a handheld device. The system models the learner's knowledge (i.e., what they know -e.g., the present perfect is used with expressions relating to completed time). Their lack of knowledge is inferred from an absence of data about a concept or topic in the learner model. DiYculties are inferred from the number of incorrect responses for a question type. Misconceptions (e.g., the present tense always refers to present time) are modelled, inferred by matching a set of incorrect responses to data in a misconceptions library.
Users state their location by menu selection, at the start of an interaction. This is illustrated in Fig. 1 . (Users can add their own locations to those provided in the default list.) Appropriate content or exercises are then selected according to both the learner's knowledge state and their context, as in the examples in Fig. 2 (tutorial) , 3 (exercise) and 4 (revision and learner model).
The explanations (Fig. 2) and exercises (Fig. 3 ) look similar to standard interactions although, as stated above, they are selected as appropriate for the individual's current learning needs. Revision material is integrated explicitly with the learner model data (Fig. 4) . This in particular illustrates how the interaction is adapted to the learner's current understanding. In this example the system has inferred a possible misconception. This is pointed out to the student (paragraph 1 in Fig. 4 ), as they may not otherwise have been aware of the existence of the misconception (e.g., perhaps realising a diYculty, but not appreciating that their problems are due to an underlying misconception). The explanation takes the individual's misconception as a start- ing point (paragraph 2 in Fig. 4) , before giving the standard explanation (paragraph 3 of Fig. 4 ). This approach to presenting material should help a learner to notice features of the language of which they had been unaware, when they next encounter them. 'Noticing' (Schmidt, 1990 ) and awareness-raising or consciousness-raising (Rutherford and Sharwood Smith, 1985) have been argued as useful in foreign language learning, as explicit knowledge can help facilitate acquisition. It can prepare learners for language features, and provide knowledge against which they can compare their own output. This may be especially useful for those learners who favour metacognitive language learning strategies which involve explicit knowledge of the learning process, planning, monitoring and self-evaluation (see O'Malley and Chamot, 1990; Oxford, 1990) , and are amongst the strategies sometimes used by Chinese students (Bedell and Oxford, 1996) .
The logbook study of handheld computer use (Bull, 2003) , while not discovering general usage patterns in diVerent locations, found consistent individual patterns. It is therefore not desirable that the learner should always have to provide the same information each time they use TenseITS in a particular location, if the features associated with that location are constant. Thus, the system infers the appropriate context information based on the user's choices over time, and oVers these as pre-selected default choices, for the user to change only if necessary. The system starts with a set of default values for each of the default locations (in cases where the user has not changed the values). These values are then updated to reXect the individual's choices as they use the system. Table 1 shows the default values. Concentration level and frequency of interruption have the following three options: H -High, M -Medium and L -Low. Using C for 'Concentration level', F for 'Frequency of interruption', and H for 'High', M for 'Medium' and L for 'Low', the labels for Table 2 are obtained. Thus, CH means that the concentration level is high; CM indicates a medium level of concentration; and CL a low concentration level. Similarly, FH speciWes that the frequency of interruption is high; FM, medium; and FL, low. Table 2 shows the parameter Lo, which indicates the location model, generated from the values of concentration level and frequency of interruption.
There are four options for available time: less than 15 min, between 15 and 30 min, between 30 min and 1 h, and more than 1 h. TenseITS was designed primarily for use for short periods of time (up to 30 min), but the other options are available as there may be occasions in which the learner wishes to use the system for longer (and indeed, some students did report using TenseITS for longer periods). The parameter Table 1 Default location values for concentration and likelihood of interruption Table 2 The value of parameter Lo (location)
T stands for the available time, so that T has the four corresponding values: T D 1, T D 2, T D 3 and T D 4. Therefore, the Wnal parameter context model can be generated from the parameter T and the parameter Lo. This is illustrated in Table 3 . The system will provide the user with appropriate interactions based on his/her current context model integrated with the learner model information (knowledge, diYculties and misconceptions). Table 4 gives some interaction examples.
Model 1 applies with any location conditions where the learner has at least an hour; or where they have between 30 min and an hour in which they can concentrate and are unlikely to be interrupted. With Model 1, an interaction similar to that with a standard intelligent learning environment will be oVered. This may include tutorials, exercises relating to those tutorials, revision of material learnt -selected according to the student's needs as represented in their learner model.
Model 2 applies in situations where the learner has between 15 and 30 min, where they can concentrate and are unlikely to be interrupted; or where they have between 30 min and an hour, have a high level of concentration and either a medium or high frequency of interruption; or between 30 min and an hour with a medium or low level of concentration, but low level of interruption. Here, the learner is oVered a tutorial on a single topic followed by an exercise on that topic.
Model 3 is used in cases where learners have between 15 and 30 min available, have a high level of concentration and either a medium or high likelihood of interruption; or when they have 15-30 min with a low frequency of interruption and medium or low levels of concentration; or if they have between 30 min and an hour Table 3 The value of parameter model with medium concentration levels and medium or high levels of interruption; or between 30 min and an hour with medium likelihood of interruption and medium level of concentration. Model 3 recommends a tutorial on a single topic followed by a short exercise about that topic. Model 4 applies if a student has 15-30 min, medium concentration and medium or high levels of interruption; or 15-30 min with a low level of concentration and medium level of likely interruption; or if the learner has between 30 min and an hour with a high frequency of interruption and a low level of concentration. In these cases the learner is oVered a tutorial.
For Model 5, applicable when learners have 15-30 min to study and a high degree of interruption and a low level of concentration, if a student has not previously covered the most appropriate material with reference to their current understanding, and they have not previously consulted those materials, learners are also oVered a single tutorial. If they have covered the relevant material, they will be oVered revision materials on that topic.
Model 6 applies if the learner has less than 15 min, has a low level of interruption and any level of concentration; or less than 15 min with a high level of concentration and any likely level of interruption. In these cases, if the user has not previously completed the most relevant exercise according to their learner model, they will be oVered a tutorial on a diVerent relevant topic (as the conditions are not appropriate for completing the exercise that would otherwise be recommended). If they have previously attempted the exercise, they will be invited to continue with additional targeted questions, selected according to their previous responses.
Finally, Model 7 is used when students have less than 15 min and a medium or low level of concentration and medium or high level of interruption. If the learner has not already attempted the next most applicable exercise, they will be oVered a tutorial on a new topic (again, due to inadequate conditions for completing the most relevant exercise). However, if the learner has previously tried this exercise, they will receive further individualised questions, based on their previous answers.
If a learner previously ended a session before completion, they are able to continue with that session or topic, as appropriate for their current context. Thus, TenseITS not only aims to adapt the interaction according to an individual's current knowledge state, as in standard ITSs, but also aims to take account of the user's current context (location, frequency of interruption, level of concentration, available time) in order to provide an interaction which is also appropriate for the mobile learner. In the example given in Fig. 1 , where the user is in a restaurant (e.g., waiting for friends to arrive) with less than 15 min available for studying, with a medium level of concentration and high likelihood of interruption, Model 7 would apply. The learner would be given a tutorial or revision of the last exercise, with a small number of questions. The choice would depend on whether the user has already attempted exercises on that topic. This is illustrated in Fig. 5 .
The Wrst screen shows the user's context information, as given above. The second screen tells the learner the recommended interaction in order that they know what to expect, and also to allow them to make a diVerent selection from the menu, should they so wish (i.e., the system makes individualised recommendations, but also recog-nises that the learner may sometimes wish to take control of the interaction him or herself). The Wnal screen displays the revision questions as chosen for this learner in this location at this time. Because the learner is very likely to be interrupted (by friends arriving, or by waiters with menus or oVers of drinks) and, furthermore, may not easily be able to concentrate in the restaurant environment generally, the user is oVered a revision exercise: the material is not new; and the questions can be easily broken oV, if necessary.
Later, should the learner again interact with TenseITS, a diVerent interaction is likely to be recommended. For example, upon arriving home after the meal, the learner chooses to continue study for a short while before going to bed. Fig. 6 shows that the learner is now at home, has a low level of concentration (due to tiredness), and a high likelihood of interruptions (from Xatmates); and plans to study for between 15 and 30 min. Again, the contextual features are not conducive to focussed study. Thus, the student is oVered revision of a previous topic, rather than new material. This revision material includes information from the learner model, concerning misconceptions. (At a diVerent time if the learner was not so tired, and could therefore concentrate better, and/or their Xatmates were not at home -unless their learner model indicated that revision was particularly important, the learner would be more likely to be recommended new material, possibly with an associated exercise.)
The next day the learner is on the university campus. There is a very short time to Wll -less than 15 min. However, the learner is able to concentrate fully, and is unlikely to be interrupted. Thus, new material is presented in an extension of previous tutorials. This is illustrated in Fig. 7 .
This new material is selected according to the representations about the learner's knowledge in their learner model (i.e., diVerent learners under the same conditions would still receive diVerent content). However, the time the learner has available is very short, so the system provides a relatively brief description. (If the learner had more time available under these same good conditions, they may have had a longer tutorial, exercises and possibly additional revision material after the exercises, if there had been a lot of time.)
Discussion
We have been considering the use of a mobile intelligent language learning environment for Chinese learners of English, speciWcally for the use of tense. The system can be extended to other areas of English that Chinese students Wnd diYcult, for example: the use of articles. Of course, it is not only Chinese students who have such diYculties -tenses and articles can be problematic for other learners such as Russian or Arabic speakers. We can also consider implementing the system for other areas of English or other languages. Any language or aspect of language that can be tested with multiple choice questions (because input on a handheld device is diYcult), and where students commonly have diYculties, could be potentially useful. However, because there may be cultural diVerences and diVering prominent learning strategies of diVerent learner groups (see, e.g., Oxford, 1996) , the feasibility of extending the system in diVerent areas and for diVerent target groups, needs to be tested.
Our initial target users are MSc students. Our approach may generalise to other masters level students, and possibly also to undergraduate students. We cannot automatically assume that the approach will also be beneWcial for tourists or business people, but this can also be tested.
Future work should consider giving a Wner breakdown of the time a user has available. For example, especially in the time category of 30-60 min where, in practice, interactions suitable for 35 min could be quite diVerent from interactions for 55 min. This is particularly important given that people may choose to use the system for longer periods of time as well as for the originally intended short sessions (up to 30 min). The question of whether a learner will always know how long they have available then also becomes more important. It is likely that an additional attribute of 'sureness of time' might be relevant. Sometimes a learner might have to provide a longer possible time span if they cannot predict this exactly, and the system will then need to oVer a session in which an abrupt ending at any point (or at any point within a speciWed range), would be feasible.
In a full ITS, local storage of a large amount of information on the handheld device could become problematic. Therefore, it is suggested that data is stored on a desktop PC, and the learner model transferred between desktop and mobile device during synchronisation. All currently potentially appropriate or relevant materials according to the learner model, will be transferred to the handheld computer when the learner synchronises the devices, and those materials no longer relevant will be deleted (see Bull and Reid, 2004 ; for an example).
Ultimately we would wish to consider other factors that may be relevant to the mobile language learner. This might be a more Wne-grained breakdown of the attributes currently used in inferring appropriate interactions, or additional features such as whether the learner may have another period of time later in the day in which they could continue their interaction. Perhaps diVerent material or exercises would be selected if the system could plan a series of interactions in advance, for the day.
Summary
This paper has introduced TenseITS, a mobile intelligent language learning environment for Chinese learners of English, that adapts the interaction according to a user's current knowledge state, their location, their ability to concentrate at that location, the likelihood that they will be interrupted, and the amount of time they have available for learning. The system is designed to help learners overcome some of the problems of language transfer, and to help them develop an explicit knowledge of features of the language, and their individual problems and misconceptions.
Examples of use were presented, and extensions discussed, to illustrate the potential of a more general implementation of our environment.
